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ABSTRACT 
A compact pulsed RGB laser source based on periodically-poled MgO doped SLT pumped at 
532 nm is reported.  The operation of the source at near-room temperature and at high 
temperature is evaluated for optimal performance. 
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Coherent sources emit the three primary colors red (R), green (G), and blue (B) with high purity and high 
intensity. Hence these sources are becoming the illuminator of choice for use in producing video images of high 
brightness, sensation, and saturation.  A popular solution to produce high power RGB light is by using second harmonic 
generation of multiple semiconductor lasers.   
While this line of approach is compact and efficient, tough technical challenges remain in producing the right 
mix of colors at sufficient power for its stated purpose. It is thus desirable to continue to look for alternative solutions.  
Quasi-phase-matching using periodically poled material has been shown to be very efficient for wavelength conversion.  
In order to convert near-ir to the visible, lithium tantalate has been shown to be the material of choice.  This is because it 
has a higher resistance to photorefractive damage than lithium niobate.  Using a Nd:YAG laser operating at 1064 nm and 
1319 nm and periodically poled lithium tantalate, near watt level RGB generation has been reported.  The issue of 
photorefractive damage has limited the long term operation of these sources.  However, using stoichiometric lithium 
tantalate, we were able to demonstrate a tunable visible source pumped at 532 nm that circumvents the photorefractive 
damage problem. This opens the door to obtaining RGB in a single crystal and pumped by a single laser source.  Figure 2 
shows two designs with which RGB light can be produced in a single crystal configuration.   In the top configuration, the 
front portion of the crystal is designed to produce a signal at 633 nm and a corresponding idler at 3300 nm when pumped 
by a laser at 532 nm.  The pump and the idler subsequently combine to produce blue light at 459 nm in the second 
Figure 1. A RGB source based on semiconductor 
laser arrays.  Excerpted from Novalux, Inc. 
literature. 
Nonlinear Frequency Generation and Conversion: Materials, Devices, and Applications VII, edited by Peter E. Powers,
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portion of the crystal.  Alternatively, as shown in the bottom configuration, the crystal can be designed to produce the 
signal and the idler in the near-ir wavelengths.  Second harmonic conversion of these in subsequent sections of the 
crystal then produces red and blue light.  The residual green pump serves to complete the third color.  The feasibility of 
this RGB laser source based on cascaded quasi-phase-matched QPM wavelength conversion was recently demonstrated 
with a single periodically-poled stoichiometric lithium tantalate (PPSLT) crystal.[1] Two ferroelectric domain sections 
periodically poled in tandem in the crystal were used as the frequency conversion medium. Red light was generated as 
the signal wave by parametric down-conversion of an incident green beam in an optical parametric oscillator setting. 
Subsequent frequency mixing of the residual green light with the mid-ir idler radiation of the OPO produced the third 
color, blue.  White light equivalent of 80 lumen/W and a green to white light conversion of 30% was achieved, indicating 
that this approach has the potential to produce high power and high efficiency. The following table summarizes the 
performance obtained with this device  
 
 
 
Beam waist 145 µm 165 µm 180 µm 
Intensity 31 MW/cm2 24 MW/cm2 20 MW/cm2 
Blue Power 54.7 mW 69.4 mW 58.7 mW 
Red Power 249 mW 202 mW 189 mW 
White light Power 240 mW 304 mW 256 mW 
Quasi-white light power 454 mW 
(0.4, 0.4) 
407 mW 
(0.36, 0.37) cool 
white 
368 mW 
(0.36, 0.38) 
 
 
 Still, strong photorefractive damage has limited the use of PPSLT to elevated temperature of over 140oC.  There is 
Figure 2. Potntial configurations for RGB generation in a single QPM crystal. 
Green 
pump laser 
Red 
Blue
Green 
Green 
Blue
Red 
Configuration 1 
Configuration 
2 
OPO SFG 
Signal 
Idler 
Signal
Idler 
SHG OPO 
Proc. of SPIE Vol. 6875  68750M-2
Downloaded from SPIE Digital Library on 16 Jan 2012 to 140.114.195.186. Terms of Use:  http://spiedl.org/terms
  
strong desire to have a RGB source that can be operated at lower temperature, preferably close to room temperature.  
Meanwhile MgO doped PPSLT has been reported to withstand high power input at the blue-green wavelengths without 
sustaining serious photorefractive damage and visible-induced two-photon absorption.  We thus designed a PPMgSLT 
crystal for the purpose of generating RGB light at near-room-temperature.  The test crystal is designed to have 4 sections.  
Each section contains poled domain periods suitable for cascaded OPO/SFG generation. (Figure 3) Section 1 is for 
operation at 160oC and serves as a reference.  The other 3 sections are for operation at ~60oC and consist of portions of 
different lengths to test for an optimal combination.   The top of figure 3 shows a schematic of the design.  A crystal 
fabricated by HC Photonics based on this design is shown on the bottom of the figure. The crystal is 30 mm long and 0.5 
mm thick.  Each section is about 1.2 mm wide. The ends of the crystal are polished and coated for anti-reflection at 532 
nm and 633 nm.  The OPO cavity is about 36 mm long.  Two external flat-flat mirrors are used to form the OPO cavity.  
The input mirror M! is AR at 532 nm and HR at 633 nm.  The output mirror has 70% R at 632 nm and about 35%R at 
532 nm.  The transmission at 460 nm of this mirror is about 94%. 532 nm light is derived by frequency doubling in KTP 
of the output from a diode-pumped Q-switched Nd:YAG laser that operates at 3 kHz.  The waist of the pump spot at the 
center of the crystal is 160 µm. 
We first test the crystal for OPO/SFG at the high QPM temperature.  The results are shown in figure 4.  The left 
side of figure 4 is for 532 nm at 250 mW average power.  It shows that the OPO signal power is quite constant when the 
temperature is changed from 155 oC to 175 oC.  QPM to generate blue light occurs at ~163 oC with a FWHM of 2.65 oC.   
With an input of ~1000 mW average power, the red output reaches as much as 240 mW.  Blue output is ~50 mW.  These 
values are comparable to those obtainable from PPSLT.  The temperature bandwidth broadens to over 7 oC.(right 
diagram in figure 4)  There are two possible causes for this broadening.  One is power saturation.  The power conversion 
from pump to signal and to blue has reached over 20% so that pump depletion has set in.  Another contributing factor is 
thermal broadening due to absorption of the green and the blue light by the crystal.  Such broadening reduces the 
conversion efficiency on the one hand but on the other hand it makes the device more tolerable to temperature variations 
in the crystal. The cause of the two dips in red power at high pump power is not clear at this point. 
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Figure 3. (top) Design of PPMgSLT for RGB generation near room temperature. 
(bottom) picture of crystal fabricated with the design shown above 
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The measurements are repeated for one of the sections designed to have a low QPM temperature.  The results 
are shown in figure 5. In contrast to the case at high temperature, the figure shows that the OPO signal power falls off 
from the high temperature side to the low temperature side when the temperature is changed from ~75 oC to below 50  oC.  
QPM to generate blue light occurs at ~58.5 oC with a FWHM of 3.94 oC at low input power to >7 oC at 1000 mW input 
power.   The power conversion from green to red and blue is slightly lower when compared to the high temperature case 
in this measurement. 
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 Figure 4. Red and blue output vs crystal temperature for section 1. 
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Figure 5. Red and blue output vs temperature for section 4. 
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 We next determine the dependence of the output red and blue power as a function of the input green power.  
The results are shown in figure 6 for all of the sections.  As can be seen, the threshold for OPO action is consistent with 
the length of the poled segment for parametric oscillation.  Thus the threshold power is lowest for section 4, then sections 
1 and 3 which has the same length, and is the highest for section 2.  With a maximum available pump power of 1000 
mW, the highest blue power obtained was ~50 mW from section 3.  These results show that for a fixed length of 30 mm, 
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FIGURE 6. Red and blue power output as a function of input green power for the different QPM sections: 
top left, section 1; top right, section 2; bottom left, section 3; bottom right, section 4. 
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the optimal distribution for cascaded OPO/SFG is 20 mm for the OPO segment and 10 mm for the SFG segment.  The 
red power for section 3 is 160 mW and for section 1 is 220 mW.  Hence the conversion is better at high temperature than 
at low temperature.  When coupled with the evidence that the red power falls when the QPM temperature goes below 75 
oC or so this is indicative of the effect of photorefractive damage to RGB generation. 
 Finally we show a picture of the set up in figure 7 and the RGB output in figure 8. 
 
 
 
To conclude, we have shown that using PPMgSLT it is possible to generate RGB output at a temperature as low 
Figure 7.  Picture of RGB set up.  The OPO/SFG is shown in the forefront mounted on the vertical 
translation stage.  The output is projected onto a piece of white paper to the right of the picture. 
Figure 8. The RGB output as dispersed by a prism and projected onto a screen. 
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as 58 oC.  The effect of photorefractive damage is observed at temperatures below 75 oC so that the probability for 
efficient generation with further reduction in operating temperature is going to be low. 
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